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(54) Driving method and apparatus for liquid crystal display device 

(57) A technique Is described for driving a Ikjuid 
crystal display device having a liquid crystal layer exhib- n 

iting a cholesteric phase and switcfiaWe between a pla- - h ^ / " 

nar state and a focal conic state according to the 
magnitude of an applied voltage. The technique com- 
prises the steps of: in a first period, simultaneoucty 
applying a voltage by which a plurality ol pixels 
arranged in a matrix array are reset to the focal conic 
state; in a second period after the first period, sequen- 
tially applying voltages corresporxiing to image data to 
the pixels, thereby Mpdating the display contents off Ihe 
pixels: and in a third period after the second period. 
retainif>g the display state by utilizing memory charac- M - 

teristics of the liquid crystal. 
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Description 
BACKGROUND 

Retdofttie Inventkan 

[0001] The present invention relates to a driving 
method lor a liquid crystal display device, and more par- 
ticularty to a driving method for a liquid crystal display 
device in virhich a liquid crystal exhit>iting a cholesleric 
phase is sandwiched between two substrates having 
electrodes arranged in a matrix fc>rm on their surfaces, 
and which creates a display by changing the state of the 
liquid crystal by a vottage applied across the electrodes. 
[0002] In a liquid crystal display device with a choles- 
teric liquid crystal or chiral nematic liquid crystal sand- 
wiched t>etween two siijstrates, a display is created by 
switching the state of the liquid crystal between a planar 
state and a focal conic stala When the liquid crystal is 
in the planar state, light with wavelength X » P ♦ n is 
selectively reflected, where P is the helical pitch of the 
cholesleric liquid crystal and n is the average refractive 
index of the liquid crystal. In the focal conic state, when 
the selective reflection wavelength of the cholesteric liq- 
uid crystal is in the infrared region, the liquid crystal 
scatters light and when the reflection wavelength is 
shcMler than that, the liquid crystal transmits visible light 
Accordingly, by setting the s^ective reflection wave- 
length within the visible light region, and providing a 
light at>sorbing layer on the side of the display device 
opposite the side thereof viewed by the observer, selec- 
tive reflection color can be displayed in the planar state, 
and black in the focal conic state. On the other hand, by 
setting the selective r^lection wavelength within the 
infrared region, and providing a light absorbing layer on 
the side of the display device opposite the side thereof 
viewed by the observer, black can t>e displayed in the 
planar state, since the light of wavelengths in the infra- 
red regwn is reflected but the light of wavelengths within 
the visible spectrum is transmitted through the liquid 
crystal, and white can be displayed in the focal conic 
state because of light scattering. 
[0003] Here, let Vthi denote a first threstKrfd voltage 
tor mwinding the twist of the liquid crystal exh4)iting the 
cholesteric phase; then, after the voltage Vthi is applied 
for a sufficient amoint of time, when the voltage is low- 
ered below a second threshold voltage Vth2 smaller 
than the first threshold voltage Vthi, the planar state 
results. When a voltage larger than Vth2 but smaller 
than Vth1 is applied for a sufficient amount of lime, the 
focal conic state results. These two states are stat)le 
even after the applied voltage is removed. Further, a 
phase in which these two states are mixed is known to 
exist, and it is known that a gray scale display is possi- 
ble (refer to tJ.S. Patent No. S.384.067). 
[0004] In this way. since the liquid crystal exhibiting 
the cholesteric phase has the memory characteristic 
that can retain the display state in the absence of an 



applied voltage, a desired image or character can be 
displayed t>y driving the display device, divided into 
many pixels, by passive matrix addressing. However, 
snce this kind of liquid crystal has a hysteresis charac- 
5 leristic, for the same applied voltage the (fcplay state 
can differ depending on the previous state of the ik^uid 
crystal. 

[OOOS] To overcome this defk:iency, the present appli- 
cant proposed a driving method in which, after resetting 

10 the state of the liquid crystal to the homeotropic slate by 
applying a vottage greater than Vth1 . a plurality of write 
pUse voltages are applied and the state of the Ikfuid 
crystal is selected by the nr»agnitude of the applied vott- 
age. This driving method applies pulse waveforms such 

7* as shown in Figure 37, to the liquid aystal. Of the three 
pLdses shown, the first pulse 401 is the pulse for reset- 
ting the state of the liquid crystal to the homeotropic 
state, and has a putee width Pi and voltage VI . The 
second and third piises 402 and 403 are the pulses for 

20 selecting the state of the liquki crystal, and t)oth have 
the same pulse width P3 and voltage V2. The pulses 
401 . 402, and 403 are separated from one another by a 
wait time P2 during which no voltage is ^plied. The 
wait time P2 between the first and second pulses 401 

2s and 402 is the time necessary for the Ik^uid crystal to 
change from the homeotropic stale to the planar slate. 
The wait time P2 between the second and third pulses 
402 and 403 is necessary to separate the pulses 402 
and 403. In this driving methiod, the reflectivity of the 

30 devrce is a function of voltage, and gray scale can be 
reproduced by controlling the second and third pulse 
voltage V2. 

SUimiARY 

3S 

[0006] An exemplary object of the present invention is 
to provide a novel arxJ useful driving method for a Ikiuld 
crystal display device, that suppresses the degradation 
of display quality caused by the effect of the hysteresis. 

MO as in the above-descrtoed driving method, and achieves 
further improvements in the characteristics of the 
device. PartiCLilarly, it is an object of the invention to pro- 
vide a driving method for a Itqukf aystal display device, 
that achieves a further reduction in driving iirxm, 

45 [0007] To achieve the above objects. In the driving 
method according to the present invention, liquid crys- 
tals tn all the pixels are first reset at once to the tocal 
conic state that requires a long time for selection, arxi 
then a select voltage is applied in sequence to the Ikjuld 

60 aystal forming each pixel, thereby selecting the display 
state of the liquki crystal in every pixel. 
{0008] Accorcfing to the present invention, since all the 
pixels are simultaneously reset to the focal conk; state, 
the fong selection time required to select the focal conic 

ss state occurs only once in one frame. TNs improves the 
update speed in passive matrix driving. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing and other objects, features arxj 
advantages of the present invention will be more readily 
understood upon reading the following detailed descrip- 
tion in conjunction with the drawings, in which: 

Figure 1 is a cross sectional view showing an exam- 
ple of a liquid crystal display device used in the 
present invention; 

Rgure 2 is a graph showing the spectral transrNt- 
tance of a green liquid crystal display layer used in 
the present invention; 

Figure 3 is a cross sectional view showing an exam- 
pie of a high-ref lectivfty liquid crystal display device: 
Figure 4 is a block diagram showing passive matrix 
dnving circuits; 

Figure 5 is a chart (Sagram showing voltage wave- 
forms used in a f rst embodiment; 
Figure 6 is a ^aph showing the relationship 
between Y value and the applied voltage as a select 
signal in the first embocfimerrt; 
Figure 7 is a chart diagram showing voltage wave- 
forms used in Example 1 ; 

Figure 8 is a graph showing the Y values obtained 
in Example 1 ; 

Rgure 9 is a graph showing the Y values obtained 
in Example 1 ; 

Figure 1 0 is a chart diagram showing voltage wave- 
forms used in a seoorxJ enibodiment: 
Figure 11 is a chart diagram showing a voltage 
waveform used in Example 2; 
Figure 12 is a gr^ showing the Y values otitained 
in Example 2; 

Figure 13 is a chart diagram showing voltage wave- 
forms used in a third embodiment; 
Figure 14 is a chart diagram showing a voltage 
waveform used in Exanrple 3; 
Ftgure IS is a graph showing the Y values obtained 
in Example 3; 

Figure 16 is a chart diagram showing voltage wave- 
forms used in a fourth embodiment; 
Figure 1 7 is a c^art diagram showing voltage wave- 
forms used in Exanple 4; 

Fgure 1 8 is a chart diagram showing voltage wave- 
forms used in a fifth embodiment; 
Figure 19 is a chart diagram showing a voltage 
waveform used in Example S; 
Figure 20 is a graph showing the Y values obtained 
in Example 5; 

Figure 21 is a l>lock diagram showing drive circuits 
used in a sixlh embodiment; 
Figure 22 is a block diagram of a scan driver IC; 
Figure 23 is a btock diagram of a signal driver IC; 
Figure 24 is a chart diagram showing oontral sig- 
nals used in a sixth ennbodiment; 
Figure 25 is a chart diagram showing voltage wave- 
forms used In Exanrple 6; 
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Figure 26 is a graph showing the Y values obtained 
in Exannple 6; 

Figure 27 is a chart diagram showrig voltage wave- 
forms used in a seventh en*odin>ent; 
Figure 28 is a Wock diagram showing drive circuits 
used in the seventh ennbodiment; 
Figure 29 is a chart diagram showing control sig- 
nals used in the seventh entxxfiment; 
Rgure 30 is a chart diagram showing control sig- 
nals used in the seventh enrtxxiimenl; 
Figure 3 1 is a chart diagram showing voltage wave- 
forrre ueed in Example 7; 
Figure 32 is a graph showing the Y values obtained 
in Example 7; 

Figure 33 is a chart diagram showir^g voltage wave- 
forms used in an eighth enrtwdiment; 
Figure 34 is a Chart diagram showing voltage wave- 
fonns used in a ninth wnbodiment: 
Figure 35 is a chart diagram showing modified 
examples of the voltage waveforms used in the 
ninth embodiment; 

Rgure 36 is a block diagram showing drive circuits 
used in a lOtfi embodiment; and 
Figure 37 is a chart diagram showing three basic 
pulse voltages tor drivir^ a liquid crystal display; 

DETAILED DESCRIPTION OF THE INVENTION 



1001 0] Embodiments of the driving method tor a liquid 
30 crystal display device according to the present invention 
will t>e described befow with reference to the acconpa- 
nying drawings. 



20 



as 
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Structure of the Liquid nt ystal Dietitav Di»vi^A 



loot 1 1 Rgure 1 shows the liquid crystal display dekdce 
100 to be driven by the driving method of the present 
invention. The liquid crystal display device 100 com- 
prises: a red display layer 101. formed on top of a light 

^ absortxng member 60» for producing a display by 
aii^itching between red selective reflection state and 
transparent state; a green display layer 102, formed on 
top of the red display layer 101. for producing a display 
by switching t>etween green selective reflection state 

•ts and transparent state; and a blue displ^ layer 103, 
fomied on top of the green display layer 102. for produc- 
ing a display by switching between blue selective reflec- 
tion state and transparent state. 
[0012] The red display layer 101 consists of a trans- 

so parent substrate 55, transparent electrodes 1 1. a liquid 
crystal/polymer composite film 20 formed by dispersing 
through a polymeric member 21 a liquid crystal 22 
exhtoiting red selective reflection, transparent elec- 
trodes 12, and a transparent sutjstrate 52. formed one 

55 on top of another. 

[0013] The green display layer 102 consists of the 
transparent substrate 52. transparent electrodes 13, a 
liquid crystal/pdymer conrposite film 30 formed by dis- 
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persing through a polymeric member 31 a iiquid crystal 
32 cDchtotting green selective reflection, transparent 
electrodes 14, and a transparent substrate 51, formed 
one on top of anottfer. 

[0014] The tjlue display layer 103 consists of the trans- 
parent substrate 51, transparent electrodes 15, a Itqiid 
crystal^lymer composite film 40 formed dispersing 
through a polynieric merrtw 41 a liquid crystal 42 
axhtoiting t>lue selective roflectioa transparent elec- 
trodes 16. and a transparent substrate 50, formed one 
on top of another. 

1001 S] The transparent electrodes 11, 12, 13, 14, 15, 
and 16 are connected to a drive circuit 80, which applies 
prescrll>ed pulse voltages between the transparent 
electrodes 11 and 12, between the transparent elec- 
trodes 13 and 14, and t>elween the transparent elec- 
trodes 15 and 16. respectively In response to the 
applied voltages, the liquid crystal/polymer con^x>Bite 
films 20. 30, and 40 switch ttw respective display slates 
between the transparent state that transmits visible light 
and the selective reflection state that selectively reflects 
visible light. 

[001 6] The transparent electrode pairs, 1 1 and 12, 1 3 
and 14. and 15 and 16, forming the respective color dis- 
play layers 101, 102, and 103. are each formed from a 
pluaJity of microscopicalty spaced, paralleled stripe 
elecfrodes. the opposing stripe electrodes being ori- 
ented at right angles to each other. Theee top and tx>t- 
lom stripe electrodes are sequentially energized. That 
is, voltages are sequentially applied in a matrix form to 
the respeclive liquid crystat/poiymer conrposile f ams 20, 
30, and 40, to create a display This is known as nnatrix 
driving. By applyir^g such matrix driving to the respec- 
tive color display layers sequentially or simultaneously 
a full color image is displayed on the liquid crystal dis- 
play device 100. 

[0017] By providir>g the light absorbing m«rrt>er 60 at 
the lowermost layer as viewed from the viewing direc- 
tion (the direction of arrow A), light transmitted through 
the respective color display layers 101. 102, and 103 is 
all ak>sorbed by the light abeorknng merTt)er 60. That is. 
when all the color display layers are in the transparent 
state, the resUt is a t>lack display The ligfit absorbing 
memfcjer 60 can be constructed, for exanrple, from a 
black colored film. Alternatively, the ligfrt absortDing 
member 60 may be formed by coaling the undermost 
surface of the display device with a black paint such as 
black ink. 

[0018] In Figure 1 . the red display layer 101 is shown 
in the plariar state, the green display layer 102 in the 
focal conic state, and the blue (fisplay layer 103 In a 
state in which both the planar slate and the focal conic 
state exist. 

[001 9] For the transparent sidjstrales 50, 51 , 52. and 
S5, colorless transparent glass plates or polymeric films 
made, tor example, of polyether sulton. poiycartxmate, 
or polyethylene terephthalate. can be used. For trans- 
parent electrodes 11. 12, 13, 14, 15, and 16, transpar- 



ent electrodes made, for exanple, of ITO or NESA films 
can be used, and such fBms are deposttod Ijy ^xrttering 
or vacuum evaporation on the transparent sut>strates 
50, 51 , 52, arxi 55. For the lowermost transparent elec- 

5 trodes 11, black electrodes can be used so that it will 
also serve as the light absorbing member. 
[0020] The transparwit substrates 51 and 52 ised 
here are each constructed with a single substrate with 
transparent electrodes formed on both sides thereof, 

10 but instead, each transparent substrate may be con- 
structed by bonding together two transparent siAy 
strates. each with Iransparert electrodes formed only 
on one side, back to back with an adhesive transparent 
polymeric material interposed therebetween. 

IS |0021] For each of the liquid crystal/polymer conpos- 
ite films 20, 30, and 40, a liquid crystal/resin composite 
member obtained, for example, by the phase separation 
of liquid crystal and resin (photo-polymertzat'on induced 
phase separation) can be used; in this method, a mix- 

20 ture of a liquid crystal and a photo-setting resin material 
is sandwiched between a pair of transparent substrates, 
and the photo-setting resin is cured by irradiating ultra- 
violet light or the Hke, thus inducing the phase separa- 
tion. In this case, the thickness of the liqiwi 

2S crystal/polynier conrposite film can t>e easily controlled 
by inserting, together with the mixture, particulate or 
rod-like spacers between the transparent substrates. 
[0022] For the fabrication of the Ik^uid crystal display 
device 100, a method can be used in which the color 

30 displ^ layers 1 01 . 1 02. and 1 03 are separately formed 
by photo-polynrorization trxluced phase separation, and 
then the color display layers are bonded together using 
an adhesive polymeric material or the like. It is also pos- 
sitale to employ a method in wtiich the three kinds of llq- 

3s uid crystals used to form the liquid crystal/polymer 
composite films 20. 30, and 40 are respectively mixed 
with a photo-setting resin, arxi the respective mixtures 
are sandwviched between the respective transparent 
substrates 50. 51. 52, and 55. as shown in Hgure 1. 

40 after which the three layers are cured at the same time 
by irradiating ttftraviolel light, to complete the fatirication 
of the liquid crystal display device 100. 
[0023] Chotesteric liquid crystals are used as the liq- 
uid crystals 22. 32. and 42 used for the formation of the 

4s liquid crystaMpoIymer composite films 20, 30, and 40. 
Cholesteric liquid crystals have a layer structure in 
which the liquid crystal molecules are aligned with their 
long axes in parallel lo each other, and in each molecu- 
lar layer, a helical structure is formed with the long axes 

60 of adjacent nxilecuies slightly di^aced from each 
otlier. 

(0024] Cholesteric liquid crystals exhtoiting the chol- 
esteric phase at room temperature are particularly pre- 
ferred for use. It is also possible to use chiral nematic 
S5 liquid crystals that are obtained by adding a chiral 
dopant to nematic liquid crystals. 
[0025] In nematic iiqurd crystals, rod-liko molecules 
align in parallel to each other, t>ut th^ do not form a 
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layer structure. For the nematic liquid crystal, a liqu»d 
cryctal consisting s\ng\y of a biphenyl confpound. a 
tolan compound, a cydohexane compound, or the like, 
or a liquid crystal consisting of a mixture of such com- 
pounds, can be used, and those having a positive die- 5 
lectric anisolnopy are preferred. Specific exanrples 
include liquid crystals K15 and M15 composed princi- 
pally of a cyanolMphenyl compourxl. mixod liquid crystal 
MN1 (manufactured by Chisso Corporaiion), and E44, 
ZLI-1565. TL-213. and BL-035 (manufactured by jo 

[0026] The chiial dopant is an adcfitive which, when 
added to a nematic liquid crystal acts to twist the mole- 
cules of the nematic liquid crystal. By adding the chlral 
dopant to the nematic liquid crystal, the liquid crystal is 
molecules form a helical structure with a prescribed hel- 
ical pitch, because of which the liquid crystal exhibits 
the cliolesteric phase. 

[0027] In the chira! nematic liquid crystal, the pitch of 
the helical structure can be varied by varying the 20 
amount of the chiral dopant to be added, the advantage 
being that the selective relleclion wavelength of the liq- 
uid crystal can bQ controlled by varying the pitch. Gen- 
erally, the term "helical pitch", virtiich is defined as the 
intermolecular distance it takes for the lic^id crystal mol- 25 
ecules to rotate 360 degrees atong the helical structure 
of the riquid crystal molecules, is used to describe the 
pitch of tfie helical structure of the liquid crystal mole- 
cules. 

[0028] For the chiral dopant, a compound having an 30 
asymnYetric carbon, and providing a layered helical 
structure to nematic liquid crystal molecules, can be 
used. Examples include such commercially available 
chiral dopants as S81 1 (manufactured by Merck), CBIS 
(manufactured by Merck), SI 011 (manufactured by 05 
Merck), and CE2 (manufactured by Merck), which are 
obtained by txyning an optically active groi^) as the ter- 
minal group of a nematic liquid crystal conpound such 
as a biphenyl compound, a terphenyt compound, or 
ester compound. Cholesteric liquid crystals having a 40 
cholesteric ring represented by cholesteric nonanoale 
(CN) can also be used as the chiral dopant. 
10029] More than one kind of chiral dopant may be 
used as the chiral dopant to be added to the nematiq liq- 
uid crystal; furlhernwe. in addition to a combination of 4s 
dopants having the same optical activity, a combination 
of dopants having different opticai activities can be 
used. Using multiple kinds of chiral dopants has the 
effect of enhancing the characteristics of the display 
device since it can change the physrcal properties of the so 
cholesteric lk?uid crystal, such as dielectric anisotn^py 
Ac, refractive index anisotropy "An. and viscosity t]. in 
addition to changing the phase transition temperature of 
the cholesteric liquid aystal and reducing the sensitivity 
of the selective r0fiectk>n wavelength to the tempera- 55 
ture. 

[0030] For the photo-setting resin materials 21, 31, 
and 41 used in the liquid crystal4x>lymer compound 



f ams 20, 30. and 40. a mixed solution of a photo-setting 
morK>mer or oligomer and a photo-polymerization initia- 
tor can be used; for example, various acrylic based 
nrxKiofuncttonat and polyfunctional resin materials can 
be used. Specific exanples include adamanthylmelh- 
acryfate, TPA-320 (manufactured by Nippon Kayaku), 
and BF-530 (manufactured by Daihachi Kagaku). For 
the photo-polymerization initiator, a material that 
induces polymerization reactk>n, such as the radical 
poiymerizalion of the photo-setting resin material, by 
Inradialion of ultraviolet light, lor example, can be used, 
specific exanrples irwiuding DAROCURl 173 and 
1RGACUR814 manufactured by Ciba Geigy 
[0031 1 When usirig a mixed solution of a photo-setting 
monomer or oligomer and a photo-polymerization initia- 
tor, such as described above, the phcio-poiymerization 
induced phase separation n>ethod can be enpkjyed for 
the formation of the liquid crystal/Tesin conposlte film, 
in which the mixed solution is mixed vwlh a liquid crystal 
and ultraviolet light is inadiated to cure the resin mate- 
rial, thus causing the phase separation of the liquid 
aystal and resin. 

[0032] In the liquid crystal/polymer composite films 
20. 30. and 40 using such chiral nematk; Ik^uid crystals, 
when the selective reflection wavelength of the chdes- 
terk; liquid crysfal is in the visil>Ie light regk)n. and the 
liquid crystal molecules are in the local conic alignment 
state in whk:h the helical axis of the chdeslerrc liquid 
crysfal molecules is substantially parallel to the sub* 
strate surfaces, the Ikjuki aystal is substantially trans- 
parent, transmitting most of the incident visible light, 
though it exhibits slight scatterir^. In the planar align- 
ment state in which the helical axis of the cholesteric Ik?- 
uid crystal nxrfecules is substantially perpendicular to 
the sitelrate suffaces. of the incident visible light the 
light having a wavelength that matches the helical pilch 
is selectively reflected. The liquid crystal state can be 
switched between these two states by varying a fiekf 
such as an electric field, magnetk; field, or terrperature. 
and each state is retair>ed after the field is removed. 
[0033] Utilizing the above properties, iiquki crys- 
tal/polymer composite films that selectively r^lect light 
with wavelengths corresporxting to red. green, and blue, 
respectively, in the pfanar alignment state, and that 
become transparent transnr^ng vfeWe light in the focal 
conic alignment slate, can t»e obtained by adjusUnQ the 
amount of the chiral dopant to be added to the nematk; 
liquid crystal, and thereby adjusting the helical pilch of 
the chiral nematic liqud crystal to provkte the selective 
reflective wavelengths corresponding to red light green 
light, and blue light, respectively By sandwiching the 
thus obtained liquid crystal/jDOlymer composite films 
between the respective transparent electrodes, a color 
liquid aysfal display device is obtained. 
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Addition of pioments fin^ placament of color filters tor 
inpypyed color puritv and irrproyad contrast 

[0034] Here, in order to improve the color purity of the 
display created by setective reflection in ttie color dis- s 
play layers 101, 102. and 103. arKi to absoit) light com- 
ponents that can degrade the transparency in the 
transparent state, pigments may be added in the color 
display layers, or colored f iter layers having equivalent 
effects, that is, plate members such as colored glass fil- w 
ters or color films, may be placed on the color display 
layers. Pigments may be added to any of the materials 
forming the color display layers, that is. to the liquid 
crystal material, the resin material, or the transparent 
substrate material, and more than one constituent ele- 75 
men! may contain pigments. However, to prevent the 
degradation of display quality, it is desirable that the pig- 
ments and f 9ter layers to be added t>e selected so as not 
to affect the color display produced by selective reflec- 
tion in each of the color display layers. zo 
[0035] Rgure 2 shows one example of spectral trans- 
mittance of the green display element. Light wavelength 
is plotted along the abscissa arxl the transmittance of 
the display element along the ordinate. In the green dis- 
play element, light near 550 nm wavelength is selec- zs 
lively reflected, and the transmittance is low in that 
wavelength region. Further, the transmittance in the 
%vavelengtti region below 500 nm Is lower than that in 
the wavelength region above 600 nm. The reason is 
that, according to the research conducted by the inven- 30 
tor, et al., light with wavelengths longer than the selec- 
tive reflection wavelength of the liquid crystal can easily 
transmit through the liquid crystal^ymer conrposite 
film, while on the contrary, light with Vk/avelengths 
shorts* tfian the selective reflection wavelength of the 35 
liquid crystal tends to scatter inside the liquid crys- 
tal4x>lymer connposite film, this tendency increasing as 
the wavelength becomes sfiorler. As a result, in the 
case of a liquid aystal4)olymer composite film that cre- 
ates a display by selective reflection in the longer wave- 40 
length region, in particular, the red color, the color purity 
of the red color degrades due to the scattered blue light 
and the contrast drops t>ecause of irKreased reflectivity 
of the black color displayed in the transparent state. 
Therefore, if a light absorbing material such as a pig- 45 
ment is added to the liquid crystai^lymer composite 
film to absorb the t>lue light, the contrast and the color 
purity of the red color are improved, and the display 
quality can thus be improved effectively In the case of 
the liquid crystal display elements for creating the green so 
color cfisplay and blue color display, the effect of 
increasing the color purity in the selective reflection 
state by pigment addition is smaller than in the case of 
the red cdor display, but the same effect as in the red 
color display can be obtained for the improvement of the as 
contrast 

[0036] Various prior known pigments can t>e used as 
the pigments added in the liquid crystal display device 



100, For example, various dyes such as resin dyeing 
pjgnr>ent5. dichromatic pigments for liquid crystal cfis- 
play, etc. can be used. Specific exarrples of resin dye- 
ing pigments include SPR-Redl and SPR-Yeilowl (both 
manufactured by Mitsui Toatsu Dye). Specific exanples 
of dichromatic pigments for liquid crystal display include 
Sl*426 and M-483 (both manufactured by fylitsui Toatsu 
Dye). Pigments that do not affect the display by selec- 
tive reflection of the cholesteric liquid crystals 22. 32, 
and 42. and that absorb spectrum light in ^e wave- 
length region that can lead to the degradation of the cfis- 
play should t>e selected appropriately for each color 
display layer from among the at)ove listed pigments. 
Further, since it is thought that the light components that 
degrade the display quality lie mostly in the shorter 
wavelength region, as earlier descrifc>ed, it is fi^ther 
preferable to use pigments that absorb the spedrnm 
light in the wavelength regions shorter than the respec- 
tive selective r^lection wavelengths of the cholesteric 
liquid crystals 22. 32, and 42. 

[0037] The amount of the pigment added is not specif- 
ically limited as long as it is within the range tfiat does 
not cause an appreciable degradation in the switching 
operation characteristic the liquid crystal display, and 
that does not interfere with the polymerization reaction 
for forming the polyn^eric members by polynierization; 
however, it is preferat)le to add the pigment at least 0.1 
weigfit percent with respect to the liquid crystal/polymer 
oomposrte film, and one v^ghi percent would t>e suffi- 
ctent- 

[0038] When using odor filters instead ot adding pig- 
ments, colorless transparent materials with pigments 
added thereto may t>e used as the filter layer materials 
added in the liq^d aystal display device 100. Materials 
naturally having cofore without the addition of pigments, 
or thin films of partfoular materials having the sanro 
function as the pigments, may also t>e used. Specific 
exanples of fSter layers include commercially available 
color glass filters and Wratten gelatine filters No 8 and 
No. 25 (manufactured by Eastman Kodak). Of course, it 
is apparent that the same effect can be obtained if the 
transparent substrates 50, 51, and 52 themselves are 
replaced with the fitter layer materials as descrfoed 
at)ove, instead of adcfing the filter layers. 



10039] In the liquid crystal display 100 vrtlh the color 
display layers 101, 102. and 103 formed one on top of 
another using the materials as descrit>ed above, a red 
display can be created by setting the blue display layer 
103 and the green display layer 102 in Ihe transparent 
state with the cholesteric Squid crystals 42 and 32 in the 
focal conic alignment state, artd the red display layer 
101 in the selective reflection state with the cholesteric 
liquid crystal 22 in the planar alignment stale- Furtfier, a 
yellow display can l>e created by setting the blue display 
layer 103 in Ihe transparent slate with the cholesteric 
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liquid crystal 42 in tie tocal conic alignment state, and 
the green display layer 1 02 and the red display layer 1 01 
in the selective reflection stale with the cholesteric liquid 
crystals 32 and 22 in the planar aMgnment state. Like- 
wise, red. green, blue, while, cyan, magenta, yellow, 5 
and black can be displayed by suitably selecting the 
state of each cotor display layer between the transpar- 
ent state and the selective reflection state. Further, by 
selecting an intermediate selective reflection stale as 
the state of each of the color display layers 101, 102. 10 
and 103. an intermediate color can be displayed, and 
ttHJS the di^lay device can be used as a full color dis- 
play device 

10040] More specif icalty, the Ik^ud crystal dtsptay 1 00 
having the blue display layer 103, the green display is 
layer 102 and the red display layer 101 can, in con^ina- 
Ifon. display any color in a chromaticity dia^am by sup- 
plying a predetermined voltage to the layers 103. 102 
and 101. The predetermined voltage is selected from a 
highest voltage corresponding to a planar alignment 20 
state (e.g., a corrplete reflective stale), a lowest voltage 
corresponding to a focal conk: alignment slate (e.g., a 
transparent state), and an intermediate vottage which is 
selected between the highest voltage and the lowest 
voltage. This intermediate voltage corresponds to an 25 
intermediate selective stale (e.g.. referred to as a 
"selective reflective state"). 

10041] In other words, the drive circuit 80 can form dif- 
ferent colors in a chfomatk:ily diagram by supplying 
appropriate voltages to the layers 103. 102 and 101, the 30 
voltages ranging from a highest voltage (corresponding 
to a planar alignment state) and a lowest voltage (con^e- 
sponding to the focal conk: state). To perlorm this func- 
twn, the drive circuit 80 can store (e.g.. in a kx)k-ijp 
table) predetermined combinations of voltages whk:h 35 
are krwwn to achieve desired colors. One of the prede- 
termined combinations of voltages can be accessed by 
specifying a desired color, which can be associated with 
an address for use in accessing the predetermined 
combination of voltages. Those skilled in the art will 40 
appreciate that there are other ways of implemenlirtg 
this feature. 

10042] The color display layers 101 . 102. and 103 in 
the Iquid crystal display devk:e 100 can be fornied in a 
different order than that shown in Rgure 1 . However, 45 
considering the iact that the transnrtittance is higher in 
the longer wavelength region that In the shorter wave 
length region, the selective reflection wavelength of the 
chotesteric Ik^uid crystal contained in the upper layer 
shoukl be made shorter than the selective refteclk)n so 
wavelength of the chofesleric lk)ukl crystal contained in 
the tower layer; by so arranging, a t>righter display can 
be obtained since a larger amount of light is transmitted 
through to the lower layer. Accordingly, it is most desira- 
ble to arrange the blue display layer 103. the green dis- ss 
play layer 1 02. and the red display layer 1 01 in this order 
as viewed from the observing side (from the direction of 
arrow A), and in this case, the most desirable display 



quality can be obtained. 

Cgnstrvction of a dl^lav device capable of Drodudno a 
briohlef display 

iP043] Selective reflection of cholesteric I quid crystal 
is the property that incident linearly polarized light is 
decomposed into right-handed and left-handed circu- 
larly polarized light corrponents, and either one of them 
is reflected arxl the other transmitted. Therefore, the 
light utitizatk)n of each of the color display layers 101, 
102, and 103 shown in Rgire 1 is 50% at maximum. In 
view of this, a liqukl crystal display devk;e 107 capable 
of producing a brighter display can be constructed, as 
shown in Figure 3, wherein a red display layer 104 with 
the same selective reflectk>n wavelength as the red dis- 
play layer 101 but with the opposHe sense of helix rota- 
tion, a red display layer 105 wvith the same selective 
refleclran wavelength as the green display layer 102 but 
with the opposite sense of helix rotation, and a blue dis- 
play layer 106 with the same selective reflectwn wave- 
length as the blue display layer 103 but with ttie 
opposite ser^e of helix rotation, are formed on top of 
the respective color display layers so that both the right- 
handed and left-handed circularly polarized light com- 
ponents of each color are reflected. Further, by indivW- 
ually driving the cotor display layers of the same color 
but with opposite optical activities, the resolutton of 
reproducible irrtermedtale cotors can be enhanced. The 
color display layers with opposite optical activities and 
the order of their ft>rmalion is not specifically limited, Ixjt 
when the pre/iously described spectral transmission 
characteristk; is conskJered, the construction shown In 
Figure 3 can produce the highest quality display 
[0044] The exairptes so far descrbed have dealt with 
liqukf crystal display devices using Ik^uid crystal/poly- 
mer composite films, but the structure of tfie Iqutd crys- 
tal display devk;e applicable iof the driving method of 
the present irrverrtfon Is not limited to the Illustrated 
examples; devrces of other structures can l>e used as 
tong as they are constructed using the above-descrit»ed 
cholesteric liquid crystals. For examples, devices not 
containing polymers are also applicable. Further, a 
device in which a structure cor^sisting of cokjmn-iike or 
waNike polymeric members is provWed between ttie 
substrate* by a printing method or photo-polymerization 
method using a photomask, for example. Is also oppli- 
cable. 

First Errbodimftnt 

[0045] Since the pixel configuration of the Iqukl crys- 
tal display device driven by the present invention is a 
passive matrix, the configualion can be represented by 
an m x n matrix consisting of scanning electrodes, Rl to 
Rm. and signal electrodes. Cl to Cn, as shown In Fig- 
ure 4. Intersections between the scanning electrodes 
Ra and signal electrodes Cb (a and b are natural num- 
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bere that sattefy aim and bin) are pixels LXJa-b- 
These electrode arrays are connected to the output ter- 
minals of a scan driver IC 200 and a signal driver IC 
201. respectively, and voltages are applied from these 
driver tCs 200 and 201 to the respective electrodes. 
[0046] This drive circuitry will be descr(t>ed below. Rg- 
ure 5 shows the voltage waveforms applied to the scan- 
ning electrodes and signal electrodes and the resuHrng 
voltage waveform applied to the liquid crystal. Wave- 
forms (a), (b), and (c) are the voltage waveforms applied 
to the scanning electrodes R1 . R2; and R3, respectively. 
Waveforms (d) and (e) are the voltage v>ravetorms 
applied to the signal electrodes CI and C2, respectivefy. 
Waveform (f) is the voltage waveform ap^ied to the liq- 
uid crystal forming the pixel CL3-1 where the scanning 
electrode R3 and signal electrode CI intersect This 
waveform (f) is divided into periods 300(1) to 300(m), 
301. and 302. and periods 300(1) to 300(m) are 
together referred to as the scanning period, 301 as Ihe 
reset period, ar^i 302 as the display period. 
[0047] In the reset period 301 , a putae voltage of volt- 
age VF and pulse width t1 is applied to the scanning 
electrodes R1 to Rm. This pulse voltage is referred to as 
the scan reset signal. In the reset period, no voltage Is 
applied to the signal electrodes Cl to Ca The signal 
applied to the signal electrodes during the reset period 
301 is referred to as the data reset signal; in this exam- 
ple, the voltage is 0. By applying the scan reset signal 
and data reset signal, the pulse voltage of voltage VF 
and pulse width tl is applied to the itqi^ crystal in every 
pixel during the reset period 301. This pulse voltage is 
referred to as the reset signal. 

[0048] In 300(3) of the scanning period, the liquid 
crystal forming each pixel on the scanning electrode R3 
is updated, Ihe scanning electrode R3 responsible tor 
updating at this time is refen^ed to as the scan select 
electrode, ond the other scanning electrodes are 
referred to as the scan deselect electrodes. The scan- 
ning period 300(3) is referred to as the scan select 
period of the scannir>g electrode R3. During the scan 
select period of Ihe scanning electrode R3, a pulse volt- 
age of voltage Vr and pulse width t2 is applied to the 
scanning electrode R3. This pulse voltage is referred to 
as the scan select signal. At the same time, a pulse volt- 
age of voltage Vcl(3) and pulse width t2 is applied to 
the signal electrode Ci. This pulse voltage applied to 
the signal electrode is referred to as the data signal. By 
applying the scan select signal and data signal, a pulse 
voltage of voltage Vr-Vc1(3) and pulse width t2 is 
applied to the liquid crystal CL3-1 located at the inter- 
section of the scan select electrode R3 and signal elec- 
trode Cl. This pulse voltage is referred to as the select 
signal. 

[0049] In 300(1), 300(2). 300(4), .... 300(m) of the 
scanning period, the scanning electrode R3 is selected 
as a scan deselect electrode. Periods 300(1), 300(2). 
^(4) 300(m) are together referred to as the dese- 
lect period of the scanning electrode R3. During the 



deselect period of the scanning electrode R3, no volt- 
age is applied to the scanning electrode R3. The vott- 
age here is 0. and this pulse voltage is referred to as the 
scan deselect signal. Data signals of voltages Vc1(1), 

s Vc1(2), Vc1(4) Vc1(m)» respectively, with Ihe pulse 

width t2. are ^Dplied to the signal electrode Cl. By 
applying the scan deselect signal and the data signals. 

pulse voltages of voltages - Vc1{1). -Vc1(2). -Vc1(4) 

-Vc1(m). respectively, with the pulse width t2, are 

10 applied to the liquid crystal CL3-1 located at the inter- 
section of the scan deselect electrode R3 and signal 
electrode Cl. These pulse voltages are together 
referred to as the deselect signal. 
[0050] During the display period 302. no voltage is 

IS applied to the scanrtng electrodes R1 to Rm or the sig- 
nal electrodes Cl to Cn. The pulse voltage at this time 
is referred to as the display retaining signal. 
[0051] In ttie first embodiment, the display state of the 
liquid crystal is a function of the applied voltage and 

20 pJse width. After initially resetting each liquid crystal to 
the focal conic state that shows the lowest Y value, 
wrtien a pulse voltage with constant v«dth is applied to 
the liquid crystal the display state changes as shown in 
Figure 6. In Figure 6. the vertical axis represents the Y 

25 value of visual reflectivity, and the horizontal axis shows 
the applied voltage. When a pulse of voltage Vp is 
applied, the planar state showing the highest Y value is 
selected, and when a pulse of voltage Vf is applied, the 
focal cor^c state showing the lowest Y value is selected. 

30 When an intermediate voltage Is applied, a planar/focal 
conic mixed state showir>g an intermediate Y value is 
selected, making it possible to reproduce gray scale. 
[0052] Here. Vf is a voltage value that brings the tquid 
crystal c;k>sest to the focal conic state when the voltage 

3s is applied for a relatively short duration of time. On the 
other hand. VF is a voltage value that brings the liquid 
crystal closest to the focal conic state when the voltage 
is applied far a relatively long duration of time. Gener- 
ally. Vf>VF. 

40 {0053] The meaning of each signal will be descrbed 
t>eJow. 

[0054] The reset signal applied to the liquid crystal 
during the reset period 301 is applied at once to the liq- 
uid crystals in all the pixels in order to force the display 

4s state of all the pixels into the focal conic state. The volt- 
age VF is the voltage for setting the chdesteric liquid 
crystal into the tocal conic state. It is preferatile to set 
the pulse width tl to a sufficiently long time. Ttio reason 
is that since the liquid crystal slowly changes to the local 

60 conic stale with the appfication of the voltage VF, if the 
voHage is not applied for a sufficiently long period of 
time, the liquid crystal is inlluenced by its previous state 
and all the pixels cannot be set uniformly in the focal 
conic state. Though it depends on the number of gray 

ss scale labels required, cell structure, etc.. tl can l>e set. 
tor example, within the range of about 100 ms to 1s. 
[0055] In the scanning period, the select signal and 
deselect signal are applied to ttie liquid crystal. The vott- 
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age of each signal is set as follows. 
[0056] During the selecl period o! a given scanning 
electrode Ri (i is an integer between 1 and m), the scan 
select signaJ of voltage Vr - Vp and pulse width t2 is 
apptied to the scanning electrode Ri, and the data signal 
of voltage VcKi) and piise width t2 is applied to a given 
signal electrode Cj Q is an integer between 1 and n). 
During the deselect period of the scanning electrode Ri. 
no voltage is applied to the scanning electrode Ri. In 
this way, during the select period of the scanning elec- 
trode Ri. a select pulse of pulse width t2 and voltage, 
Vr - Vq(i) = Vp - Vq(i) , is applied to the liquid crystal 
faming the pixel k>cated at the intersection of the scan- 
ning electrode Ri and signal ^ectrode Cj. When VqO) is 
selected from among voltages 0 to Vp-Vf, the select sig- 
nal of pulse width t2 and voltage of a value between Vp 
and Vf is applied to the liquid aystal. thus allowing 
selection of the desired display state. 
[0057] During the deselect period of the scanning 
electrode Ri. deselect signals of voltages 0 to Vp-Vf are 
applied to the liquid crystals formirig the pixels on the 
scanning electrode Ri. The liquid aystaJs driven by the 
present invention have memory characteristics, so that 
their display states do not change at voltages below a 
certain threshold voltage. Accordingly the display 
states of the liquid crystals can be retained if the dese- 
lect signal is held betow the prescrtoed threshold volt- 
age. To select the display states of the liquid crystals 
forming all the pixels, the scanning electrodes are 
scanned in sequence from Ri to Rm 
[0058] During the display period, no voltage is applied 
to the liquid crystals and the memorized display states 
are retained. That is, the voltages applied to the scan- 
ning electrodes and signal electrodes are set to 0 so 
that no voltage is applied to the liquid crystals. 
10059] The tinf>e required to update the entire saeen 
is equal to the reset period plus the scanning period, 
that is, t1 + m X t2 . The time to select the local conic 
state is longer than the time to select the planar state; 
therefore. t1 > > t2. According to the driving method of 
the first embodiment, since the reset period that takes a 
long time does not inaease in length even if the pixel 
count Increases, the screen can be updated at high 
speed. 

Exanple 1 

[0060] A liquid crystal conposiiion for selectively 
reflecting light of wavelength near 560 nm was prepared 
l>y adding a chiral material S811 (manufactured by 
Merd^ to a nematic liquid crystal MLC643 (manufac- 
tured by Mord^. This liquid crystal conrposilion was 
sandwiched tDetween a pair of transparent substrates 
with transparent electrodes formed thereon. At this 
tinrte, by precoating the substrates with 10 fim spacer 
particles, the &ut>Gtrate spacing was acfusted to 10 ^xrr\. 
A single-layer test cell was thus fabricated, and its char- 
acteristics as a liquid crystal display 6ewce were meas- 



ured. The experinrients hereinafter described were 
coTKfucted using this test cell. Minolta's spectrophoto- 
metric colorimeter Cr^lOOO was used for the measure- 
ment of the Y value of the visual reflectivity. 

5 IP061] Pulse voltage of the wavefornr« (a) arxJ (b) 
shovm in Figure 7 were applied to the liquid aystal in 
the test cell. Only one pixel was chosen fbr testing, and 
only the select signal was applied during the scanning 
period. VF was set at 50 V and t2 at 6 ms. The wave- 

w form (a) is one with tl <= 200 ms, and the waveform (b) 
is one with t1 «50ms. The graph of Rgure 8 shows the 
Y value versus the applied voltage for select signal volt- 
ages Vs of 70 V to 100 V when the pulse voltage of the 
waveform (a) was applied. Open circles are for those 

IS v^tose initial state was the focal conic state, and solid 
dudes are for those whose initial stale was the planar 
state. The inKiat state here refers to the display state 
before the reset period. As shown, the Y value varies 
continuously with the applied voltage, which means that 

£0 the desired Y value can be selected by controlling the 
applied voltage. When an intermediate gray scale level 
is selected, the Y value slightly differs for the same 
applied voltage because of the difference in the Initial 
state, but tNs difference is suffidently small virhen dts- 

25 playing four or so gray scale levels. 

[0O62] In the driving method shown in Figure 37 pre- 
viously described, the planar stale or the focal conic 
state, or an intermediate state with these two states 
mixed together, is selected starting from the homeo- 

w tropic state. When driving a liquid crystal display device 
that uses a liquid crystal whose selective reflection state 
is set in the visible light region, the planar slate, i.e., the 
state of the highest reflectivity, can be selected with the 
second and third pulses 402 and 403 when P3 is about 

35 1 ms to 5 ms. However, according to the study con- 
ducted by the inventor, et al., it was found that with P3 of 
about 1 ms to 5 ms, it was not possible to fully select the 
focal conic state of the lowest reflectivity, thus being 
unaWe to make full use of the maximum contrast 

'to achievable with the liquid aystal display device. The 
second and thtid pulses 402 and 403 with P3 = about 50 
ms were needed to make full use of the maximum con- 
trast This means 50 ms for each scanning electrode. 
Therefore, assuming 1000 lines, it took 50 seconds to 

45 update the entire saeen. On the other hand, in the case 
of Example 1 based on the first embodiment, the time 
required for updating is 5.2 seconds, a drastic improve- 
ment over the prior art method. II can therefore be seen 
that when the method of the first errbodiment is used, a 

50 display state having a desired Y value can be selected 
regardless of the initial stale. 

[0063] Next, a description will be given of the case 
where the pulse voltage of the waveform (b) in Figure 7 
is applied, as an exanrple when the time of application 
55 of the reset signal is varied. The graph of Figure 9 
shows the Y value versus the applied voltage for select 
signal voltages Vs of 70 V to 100 V Open squares are 
for those wrhose initial state was frie focal conic state. 
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and solid squares are tor those whose initial state was 
the planar state. In Figure 9, the difference between the 
Y values for the same applied voltage, due to the differ- 
BfKe In the initial state, is larger than in the case of Fig- 
ure 8, which means that it is cfiff icuh to display four or ^ 
more gray scale levels. From the results shown in fig- 
ures 8 and 9. It can be seen that as tl Is made lor»ger, 
the liquid crystal becomes less sensitive to its state 
before updating, and if tl is made sufftdenlly long, the 
liquid crystal can be updated to the desired display state io 
regardless of its state before updating. That is, by apply- 
ing the reset signal for a sufficiently long period of time, 
the Influence of the previous state can be eliminated. 
The waveform (a) has shown, the reset signal of 200 ms 
duration, achieving four or so gray scale levels; if the 
reset signal is applied for more than 200 ms. the differ- 
ence in the selected display state, due to the difference 
In the initial state, is eliminated, and reproduction of four 
or more gray scale levels becomes possible. 

20 

Second embodiment 

[00$4] A second embodiment will be described next 
In this embodin^t pulse voltages of the waveforms 
shown in Figure 10 are used. The waveform (a) is the 2S 
voltage waveform applied to the scanning electrode R3. 
the waveform (b) is the voltage waveform applied to the 
signal electrode CI . and the waveform (c) is the voltage 
wavelorm applied to the liquid crystal forming the pixel 
LC3-1 located at the intersection of the scanning elec- 30 
trode R3 and signal electrode C1. The difference from 
the voltage waveforms shown in Rgure 5 lies in the 
reset signal applied during the resert period, while the 
signal applied to the signal electrode C1. shown by the 
wav^orm (b), is exactly the same. 3S 
[0065] In the waveform (c). during the reset period, a 
voltage Vth1 for setting the liquid crystal into the home- 
otropic state is first applied for a duration of time t3, and 
then the vohage is held below a threstK>id voltage Vth2 
for a duration of time t4 for setting the liquid crystal into 40 
the planar state. After that, lo cause the liquid crystal in 
tlie planar slate to change to the focal conic stale, a volt- 
age greater than Vth2 and snrmller than Vthi, that is, a 
voltage VF in this exanple, is applied for a duration of 
tin>e tS, thereby res^ng all the pixels to the focal conic 4s 
state. The signals applied during the subsequent scan- 
ning period are exactiy the same as those applied in the 
method of the foregoing firsl embodiment. 
[006$] In the second embodiment the reset period 
consists of l3+t4+t5 , which is compared with t1 in the so 
method of the first embodiment- In the method of the 
second embodiment. sirKe the influence of the previous 
display state can be eliminated by once setting the liquid 
crystal into the homeotropic state, the entire reset 
period, t3+t4-i45 . can be made shorter than 11 . This ss 
achieves faster updating of the entire screen Though it 
depends on the number of gray scale levels required, 
coll structtwe, etc., t5 can be set, for example, within the 



range of about 10 ms to la 

[0067] The configuration in which after once setting 
the liquid crystal into the homeotropic state during the 
reset period, the liquid crystal is reset to the focal conic 
state through the plarw state, as described in the sec- 
ond entfxxlimenl, can also be applied to the ttiird to 10th 
embodimerrts hereinafter descrbed. 

Examp le 2 

[0068] The pulse voltage of the waveform shown in 
Figure 1 1 was applied to ttw liquid aystal in the test 
cell. Only one pixel was chosen for testing, and only the 
select signal was applied during the scanning period. 
Vlh 1 was set at 1 50 V, Vth2 at 0 V, t2 at 5 ms, t3 at 5 ms. 
t4 at 5 ms. t5 at 50 ms. VP at 50 V, and Vr al 90 V The 
graph of Figure 12 shows the Y value versus the applied 
voltage for select signal voltages Vs of 70 V to 100 V, 
Open circles are for those whose initial state was the 
focal conic state, and solid circles are for those whose 
initial state was the planar slate. As shown, most of the 
solid circles are Ndden l)ehind the open circles, which 
means that the difference in the display state due to the 
difference in the initial state is completdy eliminated. 
Further, resetting to the focal conic stale can be accom- 
plished in a shorter twne than in the case of ExanY)le 1 . 

(0069] A third embodiment will be descrit»ed next In 
this embodiment pulse voltages of the waveforms 
shown in Figure 13 are used. The waveform (a) is the 
voltage waveform applied to the scanning electrode R3. 
the waveform <b) Is the voltage waveform applied to the 
signal electrode C1 , and the waveform (c) is the voltage 
waveform applied to the liquid crystal fanning the pixel 
LC3-1 located at the intersection of the scanning elec- 
trode R3 and signal electrode Ci. In the waveform (a), 
the scan reset signal has a voltage VP and a pulse width 
tl . The scan select signal has a voltage Vp and a pulse 
width t2. in the waveform (b), tt>e data signals have a 
constant voltage Vc but the pulse width is varied for 
each scanning electrode select period, ttie pulse width 
being t2c(i) in period 300(i) (i is an Integer between 1 
and m) 

[0070] The difference from the voltage waveforms 
shown in Figure 5 lies in the waveform of the select sig- 
nal. In Figure 5. the select signal was held at a constant 
pulse width and its vdhage was varied to select the cfis- 
play state showing the desired Y value. In the third 
embodiment Ihe desired reflectivity is selected by 
applying a select pulse in which the ratio of time t2p lo 
time t2f in the select period is varied, where tiie time t2p 
is the lime during which the voltage Vp for selecting the 
planar state Is applied, and the time 121 is the time dur- 
ing which the voltage, Vf = Vp - Vc, for selecting the 
focal conic stale is ^ppfied. To achieve this, the pulse 
width of Ihe data signal applied from the signal elec- 
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trode is varied. The pulse wkllh of the data signal 
applied to the signal electrode during the select period 
300(3) of the scanning electrode R3 is I2c(3). Accoixi- 
ingly, the time t2p during which the voltage Vp for select- 
ing the planar state is applied is t2p = t2 • t2c(3) ; thus, 
when the scan select signal and the data signal are of 
the earm polarity, the application time t2p becomes 
shorter as the pulse width of the data signa) is 
inaeased. 

[0071] In the first embodimerrt. multi-value voltages 
become necessary for gray scale reproduction, and ICs 
that can output such multiple voltage values are needed 
for driving. QeneraPy. CMOScircutts are incorporated in 
the output circuitry of a driver IC. and to output multi- 
value voltages, it becomes necessary to provide a plu- 
rality of high voltage withstanding CMOS circuits tor 
each output temiinal, On the other hand, in the third 
embodiment, since gray scale reproduction tjeconios 
possible by only controlling the pulse width, an inexpen- 
sive two-value output type digital IC can be used that 
needs only one high voltage withstanding CMOS drcui! 
for each output terminal. TNs offers a cost advantage 
over the method of the first embodin^ent 

Examples 

10072] The pulse voltage of the waveform shown in 
Rgure 14 was applied to the liquid crystal in the test 
cell. Only one pixel was chosen for testing, and only the 
select signal was applied during the scanning period. 
The voltage setting in the reset period is the same as 
that in Example 1 ; that is, VF = 50 V and t1 = 200 ms 
The voltage setting in the select period is: t2 = 5 ms, Vp 
» 90 V and Vf ■ 70 V. The Vp application time t2p was 
varied, assuming the case in which the pulse width of 
the data signal was varied. The relationship t>etween 
the application time t2p and the Y value is shown by the 
graph in Figure 15. As shown, the Y value varies contin- 
uously with time t2p. the Y value increasing with 
increasing time t2p. This shows that the display state 
showing the desired Y value can be selected by control- 
ling the pulse width of the data signal. 

Fourth OTbgdimftnt 

[007$] In any of the methods of the foregoing first to 
third embodiments, after the display state of a liquid 
crystal is selected by a select signal, the data signal 
being applied to the liquid crystal forming pixels on 
another scanning electrode is applied to the former liq- 
uid crystal. This data signal is applied to that former liq- 
uid crystal as a deselect signal (hereinafter referred to 
as a cross talk signal). The liquid crystal to be driven by 
the fourth embodiment has a memory characteristic 
whereby the display state, once selected, is retained 
even if a voltage smaller than a certain threshold volt- 
age is thereafter applied to H. Therefore, as long as the 
voltage Vet of the cross talK signal is smaller than that 



threshold, ideally the selected display state of the liquid 
crystal is retained and is not affected by the cross talk 
signal. In reality, however, when the low cross talk signal 
votege Vet is appHed as the deselect signal, the orlen- 

5 tation of the liquid crystal slowly changes, causing a 
change in the display state. This results in reduced con- 
tract since such a cross talk signal works to reduce the 
Y value, particularly in the planar state. Accordingly. It is 
preferable that the voltage Vet of the cross talk signal is 

10 made as small as possible. 

£00741 The voltage waveforms used in the fourth 
ennbodiment are shown in Figure 16. The waveform (a) 
is the voltage waveform appfied to the scanning elec- 
trode R3, the waveform (b) is the voltage wavetam 

IS applied to the signal electrode Cl , and tie wraveform (c) 
fS the voltage waveform applied to the liquid crystal 
fomriing the pixel LC3-1 located at the intersection of the 
scanning electrode R3 and signal electrode CI. In the 
waveform (a), the scan reset signal has a voltage VP 

20 and a pulse width tl, and the scan select signal has a 
voltage, Vp - (Vc/2), and a pulse wkfth t2. The waveform 
(b) has both the positive and negative polarities, and tfie 
absolute value erf the voltages is Vc/2, la, one half of 
the waveform (b) stxiwn in Figure 13. 

25 [0075] During the applicatwn period of the voltage Vp 
in the select period, the data signal applies a ventage 
that is oppoGsie in polarity to the scan select signal, and 
during ttie application period of the voltage Vf. the data 
signal applies a voltage that is identical in polarity to the 

30 scan signal. By applying such a data signal, the ratio of 
the application time of the voltage Vp to the application 
time of the voltage Vf - Vp - Vc in the select period can 
be varied, and the state having the desired Y value can 
be selected, as in the n^ethod of the third err^xxjiment 

35 (0076] While the absolute voltage vakje of the cross 
talk signal was Vc ir) the foregoing third embodiment. In 
the fourth embodiment it is reduced to Vc/2, a reduction 
by a fetctor of 2 compared with the method of the thiitt 
embocfimenl Since the response of the liquid crystal 

40 driven by the fourth embodiment does not depend on 
the voltage polarity, the voltage of the cross talk is, in 
effect reduced by one half- This avoids reducing the Y 
value in the planar state, and thus contritwtes to nrprov- 
ing the contrast. 

46 [0077] In the fourth embodiment, voftages opposHe in 
polarity but equal in magnitude are oonstantly applied to 
the liquid crystal layer during the deselect period. 
Therefore, compared with the third embodiment in 
whfoh cross talk signal voltages kJentical in polarity but 

BO different in width are applied during the deselect period 
because of data tor other pixels, the so^alled shadow- 
ing in wNch the display state changes because of the 
difference in irrage data is less likely to occur. 
[0078] In the fourth embodiment, positive and nega- 

ss tfve voltages equal in nrngnilude are applied alternately 
as the data signals, but if positive and negative voltages 
not equal in magnitude are applied, the cross talk volt- 
age can, in effect, be reduced, cof^pared with the thiid 
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embodiment in which voltages of a single polarity are 
applied. From tNs point of view, even in cases where the 
gray scale is reproduced by varying the voitage value, 
as in the first and second eirbodiments, the cross talk 
voltage can, in effect, be reduced by shifting at least 5 
either one of the data signal and scan signal in such a 
manner that the cross talk vottage applied to the liquid 
crystal changes between positive and negative across 
zero. 

10 

Example 4 

[0079] Wavefonns (a), (b), and (c) shown In Rgure 17 
were applied to the liquid crystal in the test cell The 
reset signal arvd the select signal were the same as t5 
those used in Exanf^ple3; tfialis. VF = 50 V, t1 = 2O0 ms. 
Vp = 90 V. Vf c 70 V, and t2 = 5 ms. 
[0080] "The waveform (a) shown in FigiA^e 17 is one 
that does not consider cross talk signals, and is used to 
write the planar state exhibiting the highest Y value. The zo 
waveform (b) shown in Figure 17 is one that considers 
cross talk according to the method corresponding to the 
tfiird embodiment. Here, the number of scanning elec- 
trodes, m = 1000, was assumed, and cross talk signals 
con-esponding to 1000 lines were applied. The voitage zs 
Vet of the cross talk signal in this case is 20 V. In this 
method, the cross talk signal varies depending on the 
image data to write: therefore, as an example, we con- 
sidered the case where the planar state showing the 
highest Y value was written to the first line and interme- 30 
diate image data was written to all of the other pixels. 
The waveform (c) shown in Figure 17 is the wavefonn 
according to the method of the fourth enU>odiment; 
compared with the waveform (b), the voltage Vct;2 of 
the cross talk signal is redice by one half to ± 10 V. 35 
Here, the nimljer of scanning electrodes, m = 1000. 
was assumed, as in the case of the waveform (b), and 
cross talk signals Vcl/2 con-esponding to 1000 lines 
were applied. 

[0081 1 As for the Y value of the visual reflectivity, when 40 
the waveform (a) of Figure 1 7 was applied, the Y value 
was 21.79. When the waveform (b) of Rgure 17 was 
applied, the Y value was 12.68. When the waveform (c) 
of Figure 17 was applied, the Y value was 19.d9. 
[0082] Witfi the waveform (b). the Y value decreases 4s 
compared with the case of the v^aveform (a). This 
shows that the Y value at the time of the selection of the 
planar state decreases because of the influence of the 
cross talk signals. With the waveform (c) also, the Y 
value decreases slightly compared with the case of the 50 
waveform (a), but when the waveforms (b) and (c) are 
compared, the Y value is larger and the influence of the 
cross talk signals is reduced with the method of the 
fourth emtxxliment compared with the rrwthod corre- 
sponding to the third emtxkdiment. Accordingly, the ss 
method of the fourth en^bodiment offers an advantage 
in terms of the contrast 



Fifth embodiment 

[0083] Vottage wavefonns used in the fifth embodi- 
ment are shown in Figure 18. The wavefonm (a) is the 
voltage waveform applied to the scanning electrode R3. 
the waveform (b) is the vottage waveform applied to the 
signal electrode Cl . and the wavefonn (c) is the voltage 
waveform applied to the pixel LC3-1 located at the inter- 
section of the scanning electrode R3 and signal elec- 
trode CI . In the wavefonn (a), the scan reset signal has 
a voltage VF and a pulse wkfth t1. and the scan select 
signal has a voltage, Vp - (Vc/2), arvA a pulse width t2. 
In the waveform (b). the absolute value of the data sig- 
nals is Vc/2. as in the case of the fourth emtxxliment. 
This is to vary the time ratio of the positive voltage to the 
negative voHage applied during the select period of 
each scanning electrode. The resulting voltages applied 
to the liquid crystal are as shown in the waveform (c). 
that is, the reset signal has the voltage VF and pulse 
width t1 and the select signal has the pulse wkfth 12 with 
varying time ratio of the vcrftage Vp to the voltage 
Vf = Vp - Vc . This makes gray scale reproduction pos- 
sit)(e, as in the method of the fourth embodiment. 
[0084] The difference from ©le method 0* the fourth 
embodiment is that the successive data signals are 
each separated by a quiescent period t6. As for the sig- 
nals applied to the scanning electrode, a quiescent 
period t6 is interposed between the scan select signal 
and the scan deselect signal and each successive scan 
deselect signal is also separated by a quiescent period 
t6. As a result, during the quiescertt periods, no voltage 
is applied to the fiquid crystal. In the method of the 
fourth embodiment, since cross talk signals are applied 
continuously, the orientation of the liquid crystal 
changes slowly, which, depending on cases, has led to 
the possibility of the cfisplay state gradually departing 
from the selected state. However, when quiescent peri- 
ods t6 are interspersed, as in the fifth embodiment, 
cross talk signals are applied in a pulsed form. As a 
result if the orientation of the liquid crystal changes due 
to a cross talk signal, since the liquid crystal is relaxed 
back to the original state during the succeeding quies- 
cent period, the influence of the cross talk signal can t>e 
reduced. 

[0085] The driving wav^orms in which the data sig- 
nals and the signals applied to the scanning electrode 
are provided with the quiescent periods, as descrfoed in 
the fifth embodimenU can also be applied to the conf ig- 
uratton in which cross talk signals only of the same 
polarity are applied, as in the third embodiment, as w^l 
as to the configuration in which the gray scale is repro- 
duced by varying the voltage value, as described in the 
first and second embocSrvients. 

BtamoleS 

[0086] The pulse voltage of the wavefonn shown in 
Figure 19 was applied to tie liquid crystal in the test 
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cell. Here. t1 was set at 200 ms. Vp at 90 V t2 at 5 ms. 
and Vet at i:i;iO V. The number of scanning electrodeB. 
m = 1000, was assumed, and cross talk signals corre- 
sponding to 1000 lines were applied. The liquid crystal 
was set in the planar state by the select signal, and after s 
a quiescent period t6. the cross talk signals were 
applied. Each cross talk signal is also separated by a 
quiescent perkxj t6. The Y value was measured b/ var- 
ying the quiescent period t6 between 0 ms to 1 0 ms; the 
results are shown in Figure 20. As shown, the Y value at w 
ttie time of the selection of the planar state increases as 
the quiescent period t6 is made longer. That is. when 
the method of the fifth embodiment is used, the influ- 
ence of the cross talk signals can be reduced. 

Sirth embodinront 

{0087] In the driving method of the first erT4>odimem. 
when the liquid crystal forming each pixel on the scan- 
ning electrode R1 for the first line is compared with the 20 
liquid aystal forming each pixel on the scanning elec- 
trode Rm fcM- the m-th line which is the last line, the lime 
intenml from the reset period to the select period of the 
scanning electrode R1 is different from the time interval 
from the reset perkxd to the select period of the scan- 25 
ning electrode Rm. In the memory state of the liquid 
crystal dwice. the liquid crystal slowly orients itself with 
respect to the sut>strate surfaces, and it takes time unbl 
the onentatk>n of the liquid crystal stabilizes aHer the 
applied voltage is turned off. Therefore, strictly speak- 30 
ing. the liquid crystal state immediately before the select 
period is slightly different between the liqukj crystal on 
the first line and the liquid crystal on the m-th line. As a 
result a slight difference occurs in the Y value if the 
same select signal ts applied for each scanning elec- .15 
tnode, and uneven density may result, especially when 
displaying intermediate tones. This is presumak>ty 
because the liquid crystal state inmediatety before the 
select perkxJ of the scanning electrode Rm is doser to 
the perfect focal conic state than the Ik^uid crystal state 4c 
immediately before the select period of the scanning 
electrode Rl is. so that if the same select signal is 
applied, a display state with a smaller Y value is 
selected. 

t0088) To eliminate this density unevenness, in the 4s 
sixth embodiment the relationship between the pulse 
width of the select signal and the Y value is measured in 
advance tor each scanning electrode, and imago data is 
converted so that a select signal of a different pulse 
width is applied for each scanning electrode. Stated so 
more specifically, the image data is converted so that a 
select signal with a longer Vp application time t2p than 
that in the selec* period of the scanning electrode Rl is 
applied in the select period of the scanning electrode 
Rm. ss 
[0089] Rgure 21 shows the drive circuits capable of 
converting image data used in the sixth embodiment A 
scan driver IC 200 arKi a signal driver IC 201 are con- 



nected to the liquid crystal device 100; these ICs 200 
and 201 are driven by control signals from scan control- 
lers 202 and a signal controller 203, respectively. Image 
data to be displayed is inpU to the signal controller 203, 
but before ftiat, the data is converted into the select sig- 
nal by an image data converting mear>s 204. 
100901 Flgare 22 shows the configuration of the scan 
driver IC 200. The scan driver IC 200 comprises shift 
registers 211, latches 212. and an output section 213 
containing output CMOS circuits. Control signals con- 
sist of scan data and a scan shift docK which are Irput 
to the shift register 211. arxJ a scan strobe signal which 
is input to the latch 212; these control signals are input 
from the scan controller 202. The shift registers 21 1 are 
an array of m shift registers corresponding to the 
number of scanning electrodes, and perform shift oper- 
ations by the application of the scan shift clocks. The 
latches 212 are an array of m latches, and hoW each 
output of the shift registers 21 1 for one select period by 
the scan strot>e signal. 

[0091 1 Figure 23 shows the configuration ol the signal 
driver IC 201 . The example of the signal drive droit 201 
shown here Is equipped with a pulse width modulation 
drcuit (PWM drcuit) 223 capable of varying the pulse 
width for reproduction of 256 gray scale levels. The sig- 
nal driver IC 201 comprises shift registers 221. latches 
222, the PWM circuit 223, and an output section 224 
containing output CMOS drcuits Control sigrrate con- 
sist of image data input to the shift register 221 , a data 
strobe signal input to the tatch 222. and a count dock 
input to an 8-bit counter 231 in the PWM drcuit 223; 
these control signals are input from the signal controller 
203. The image data consists of 8 tiits to provide 256 
gray scale levels, and is input to the shift register 221. 
The shift registers 221 are an array of n shift registers 
each with 8 bits, and perform shift operations by the 
applicatfon of the data shift docks. The latches 222 are 
an array of n latches each with a bits, arKl hokl the out- 
puts of the sNft registers 221 for one select period by 
the data strobe signal. The PWM circuH 223 consists of 
the 8-bit counter 231 and n comparators 232. Tlie 8-bit 
outputs from the latches 222 are each conpared with 
the output of the d-bit counter 231. and when the two 
t>ecome equal, the output from the corresponding conv 
parator 232 is switched. 

[0092] Figure 24 shows a timing chart for the respec- 
tive control signals during the scanning perfod, Syn- 
dironously with the input of new update image data, n 
data shift clocks are input to operate the shift re^sters 
221 in the signal driver IC 201. When *)e image data 
are loaded into the n 8-bit shift registers 221. the data 
strobe signal is input causing the imago data to t>e 
stored in the latches 222. At the same fme. one scan 
data is irput, and only the shift register 21 1 in the scan 
driver IC 200 conrecponding to the first line is set on by 
the scan shift dock. Then, the scan strobe sigr^al is 
input and only the latch 212 in the scan driver IC 200 
conesponding to the first line is set on. At tNs time, the 
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select signal a|:^ied to the scanning electrode for the 
first line, while rero voltages as the deselect signals are 
applied to the other electrodes. Next, after the time 
equal to the prescrit>ed select signal width t2. the next 
scan shift dock is input, and only the shift register 211 in 5 
the scan driver IC 200 con-esponding to the second line 
is set on. Then, the scan strobe signal Is input, and only 
the latch 212 in the scan driver IC 200 corresponcfing to 
the second line is set oa At this time, the select signal 
is applied to the scanning electrode for the second line. 10 
wNle zero voltages as the deselect signals are applied 
to the other electrodes. By repeating this process, the 
scan signals can be output 

[0093] As for tfie signal electrodes, synchronously 
witi the data strobe signal a counter dear signal is input is 
to the 8-bit counter 231 in the PWM drcuit 223 for initial- 
ization, and the output of each comparator is set on. 
Next count docks are input to the 8-bit counter 231 in 
the PWM drcuit 223. With these count docks, the out- 
put of the 8-bit counter 231 changes from 1 to 2 to 3 20 

to 256. The output value of each of the n latdies 222 
corresponding to the respective signal electrodes is 
conpared in the corresponding comparator 232 with the 
oirtput value of the 8-t>il counter 231 . and at the instant 
that the output value of the latch 222 becomes smaller 25 
than the output value of the 8-bit counter 231 , the output 
is set off. This off state is retained until the 8-bit counter 
231 Is deared. In this way. the PWM modulated signals 
for the first line are output. WNle the PWM signals for 
the first line are being output the image data for the 30 
second line is loaded Into the shift registers 221 in the 
same manner as described above. At this time, the out- 
puts off the latches 222 continue to hold the image data 
for the first line. When the data strobe signal and coun- 
ter dear signal are input after the time equal to the pre- 35 
$cfit>ed select signal width t2, the value of the counter 
231 is initialized to 0. and the outputs of the latches 222 
are now hekJ with the inr^age data for the second line. 
After that count docks are input to the 8-bit counter 23 1 
in the PWM drcuit 223. to output the PWM signals tor 4o 
the second line. By repeating this process, the data sig- 
nals as the PWM signals are output. 
[0094] When the above operation is performed in the 
scanning period, as the value of the image data 
becomes smaller, the on period of the data signal as the 4s 
PWM signal becomes shorter and. as a resuH, t2p in the 
select signal applied to the liqukJ crystal becomes 
longer. This means that by converting the image data 
into an art>itrary value by using the image data convert- 
ing means 204. it becomes possible to vary t2p in the so 
seled signal applied to the liquid crystal, and thus to 
suppress the unevenness of density caused by the <fif- 
ferenoe in the time from the reset period to the select 
perkxl. 

[0095] The configuration in which the pulse width of ss 
the select signal for each scanning electrode is varied 
by correding the image data for each scanning elec- 
trode, as descriited in ttie sixth embodiment, can also 



be applied to the configuration in which the gray scale is 
reproduced by varying the pulse width of the data sig- 
nal, as descrilied in the thind to fifth embodiments. The 
corrftguration can also be applied to the configuratk>n In 
which the gray scale is reproduced by varying the volt- 
age value, as desot>ed in the first and second ^nbodi- 
ments, if the PWM circuit 223 is replaced with a pulse 
height modulation circuit (PHM drcuit) and provisions 
are made to output the data signals ttiat are correded 
so that the select signal increases in magnitude as the 
scannir>g progresses from the first line toward the m-th 
tine. 

E5amplfij& 

[0096] The voltage pulses of the waveforms (a), (b), 
and (c) shown in Bgure 25 were applied to the liquid 
crystal in the test cell. Only one pixel was chosen for 
testing, and only the select signal was applied during 
the scanning period. The waveform (a) corresponds to 
the first line. The waveform (b) corresponds to the 
lOOOlh line, and shows an example in which a ^ay 
shade exadiy at midpoint of the gray scale is displ^ed 
by inputting the image data corresponding to the 12Sth 
gray scale level. The waveform (c) conesponds to the 
1000th fine: in this case also, the image data con-e- 
sponding to the 128th gray scale le^el is input, but a cor* 
rection is applied according to the sixth emlxxiiment. In 
the waveforms (a) and (b), the sanoe select signal is 
used, the only dlfferer>ce being in the time interval from 
the reset period to the seled perfod. In the waveforms 
(b) and (c). the same image data is input. Ixit in the 
waveform (c). the inrtage data is converted by the image 
data converting nr>eans 204. As a result the Vp applica- 
tion time t2p in the seled signal is 3.0 ms in the wave- 
form (c). which is conpared with 2.5 ms in the waveform 
(b). 

(0097] Figure 26 shows how the Y value changed 
when the image data was varied. Solid drcles represent 
the results when the waveform (a) was applied, and 
open cirdes show the results when the waveform (b) 
was appTted. A conrpartson between the solid drcles 
and open drdes show that a smaller Y value is selected 
for the 1000th line than for the 1st tine for the irput of the 
same image data. For exanrple. for the image data cor- 
responding to the 128th gray scale levd. 16.84 is 
seladed for the first line, while 8.92 is selected for the 
1000th line. 

[0098] In the method of the sixth embodinrtent when 
oor^erting the irput image data to a smaller value by 
the image data converting means 204, if 128 is input as 
the image data value for the 1000th line, for exanple, 
the output value of the image data converting means 
204 becomes 75. In that case, t2p is 3 ms. For the Y 
value. 16.78 is selected, which is approximately equal to 
the Y value for the first line. Further, when 150 is input 
as the image data value for the lOOOIh line, the output 
value of the inrKige data converting means 204 beconrtos 
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120. In that case, t2p ie 2.6 ms. For the Y value. 8.96 rs 
selected, which is approximateJy equaf to the Y value tor 
the first line. By applying stx;h corrections, it becomes 
possible to select the same Y value tor the input of the 
sanrw image data, thus making It possible to suppress s 
the una^enness of density caused by the difference In 
the time interval from the reset period to the select 
period. 

Seventh QmbftriimwH ,0 

[0099] In the sbdh embodiment, as can be seen from 
the results of Example 6. the application lime t2p of the 
voltage Vp necessary to select the same Y value ie 
made longer as the screen is scanned toward the last is 
line, in order to prevent density unevenness from one 
scanning electrode to the next. Consequently, when the 
length of the select period is set identical for afl the 
scanning lines, a select sigr^l having a different t2p has 
to be applied for each scanning electrode. In the forego- 20 
ing sixth embodiment, this is accomplished by convert- 
ing the image data. 

[0100] On the other hand, the seventh embodiment 
employs the following method by noting the fact that a 
select signal having a different t2p sfiould be applied for 2S 
each scanning electnxle. to correct the density uneven- 
ness from one scanning electrode to the next. 
[0101] Rgure 27 shows the voltage waveforms 
applied to the liquid crystal according to the seventh 
embodiment. Waveform (a) is the voltage waveform so 
applied to the liquid crystal forming the pixels on the 
scanning electrodes for the first line. arnJ waveform (b) 
is the voltage waveform applied to the liquid crystal 
forming the pixels on the scanning electrodes for the m- 
th line. In the waveform (a), the reset signal has a volt- 35 
age VF and a pulse width tl . and the select signal has a 
pulse width t2 and consists of the application period of 
voltage Vp and the application period of ventage Vf. 
Between the waveforms (a) and (b), the reset signal is 
the same, but the pulse width of the select signal is dif- 4o 
fferent i.e., t2(1) for the former and t2(m) for the latter. In 
this way, in the seventh embodinf>enl the pulse vwdth of 
the select signal is different tor each Hne. As a result the 
pulse width of the cross talk signal is Afferent for each 
scanning electrode select period, though Its voltage is 4s 
constant at ±Vct = ± Vc^ . 

[0102] Here, the ratio of t2p to the pulse width t2(1) - 
t2{m) is the same for wery select signal; therefore, for 
the input of the same image data, if the pulse width is 
irKxeaeed, t2p also increases. Cor^equently, when the so 
select signals such that t2(1) < t2(m) are applied. t2p 
becomes longer for the nvlh line than for the first line. In 
this way, by adjusting the pulse width of the select signal 
for each line, t2p can be adjusted to correct the derreity 
unevenness from one scanning electrode to the next js 
[0103] Figure 28 shows tf>e drive ctroiits for adjusting 
the putee width, t2(1) - t2(m), of the select signal used in 
the seventh en^xxiiment. The scan driver IC 200 and 



signal driver IC 201 are identical in configuration to 
ttiose shown in Figures 22 and 23. Control signals input 
to the scan driver IC 200 from the scan controller 202 
consist of the scan data and the scan shift dock input to 
the d>ift registers, and the scan strobe signal irvut to 
the latches. Control signals input to the signal driver IC 
201 from the signal controller 203 consist of the image 
data and the data shift cfock input to the shift registers, 
the data strobe signal input to the latches, and the count 
ctock Input to the 8-bit counter in the PWM circuit. 
[0104] In the seventh embodiment, to drive the liquid 
aystal with a wraveform whose pulse width is different 
for each scanning electrode, the scan strobe signal 
irput to the scan driver IC 200 and the data strobe sig- 
nal and count dock input to the signal driver IC 201 are 
varied from one scanning electrode to the ncort. Rgure 
29 shows the control signals vwhen outputling the scan 
select signal tor the first line, and Figure 30 sfwws the 
control signals when outpulting the scan select signal 
for the m-th line. As just stated, the scan strobe signal 
input to the scan driver IC 200 and the data strobe sig- 
nal ar>d count clock input to the signal driver IC 201 are 
different but the other signals are the same. When the 
cycle of the scan strobe signal is made longer, the width 
of the output scan select signal increases. The data 
Strobe signal is the same as the scan strobe signal. The 
cycle of the count dock is 1/256 of that of the data 
strobe signal, and can contrd the on period of the data 
signal in 256 gray scale levels. The cyde off the scan 
strobe signal and data strobe signal is determined by 
considering the relationship between t2p and Y value 
measured in advance. 

[01 05] By so doing, a voltage waveform having a pulse 
wndth differertt for each scanning electrode can be 
applied witfiout havirtg to convert the image data, arKi 
the density unevenness due to the difference in the time 
interval from the reset period to the select period can 
thus be suppressed. This eliminales the provision of 
image data conversfon means such as an inr^ge data 
conversion table, and thus simplifies the drive circuit 
configuration. 

Example 7 

101 06] The pulse voltages of the waveforms (a) and 
(b) shown in Figure 31 were applied to the liquid crystal 
cell in the test cell. Here, the waveform (a) assunr^ the 
signal applied to the liquid crystal forming ttie pixels on 
the scanning electrode for the first line, and the wave- 
form (b) assumes the signal applied to the liquid crystal 
forming the pixels on frie scanning electrode for the 
lOOOlh line. Between the wraveforms (a) and 0>). the 
reset signal is the same, i.e., VF - 50 V and tl « 200 ms. 
The select signal in the waveform (a) is: Vp = 90 V, Vf «= 
70 V. and t2(1) e 5 ms. In the waveform (b), assuming 
the signal for the 1000th line, the select signal of Vp o 
90V, Vf « 70 V, and 12(1000) rn 6 ms was applied with a 
delay of <Hie second after the application of ftie reset 
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signal. 

[0107] The waveforms (a) and (b) showwi in Figure 31 
both represent an example when displaying a gray 
shade exactly aA ntidpoint of the gray scale by inputting 
image data 128. The pidse width for the first line is t2 = 
5 ms, and the application time t2p of the voltage Vp is 
one haw of that i .e.. 2,5 ms. Figure 32 shows how the Y 
value changed when the image data was varied. The 
measured results for the first line are shown by open cir- 
cles, and those for the 1 000th line by solid circles. Whoi 
compared with the resuhs of Figure 26 where no correc* 
tions were applied, the difference between the first line 
and the 1000th line for the input of the same image data 
is reduced according to the results of Exanrple 7. Thus, 
by using the method of the seventh embodiment, it 
becomes possWe to reduce the densrty unevenness 
caused by the differ^>ce in the time interval from the 
reset period to the select p^iod. 

Eighth embodiment 

[0108] Next, a driving method according lo an eighth 
embodiment will be described, in the eighth embodi- 
ment, the waveforms (a) and (b) shown in Figure 33 are 
applied to correct the density unevenness from one 
scanning electrode to the next as earlier described in 
the sixth wnbodiment. The waveform (a) is the voltage 
waveform appHed to the liquid crystal forming the pixels 
on the scanning electrode for the first line, and the 
waveform (b) is the voltage waveform applied to the liq- 
uid crystal forming the pixels on the scanning electrode 
tor the m-th line. In the waveform (a), the reset signal 
has a voHage VF and a pulse width t1 , and the select 
signal has a putee width t2 and consists of voltage Vp 
period and voltage Vf period, the ratio between the 
application periods of these voltages being varied. In 
the waveforms (a) and (b). a quiescent period t7, during 
which no voltage is applied to the liquid crystal* is pro- 
vided between the reset period and the scanning 
period. 

[0109) Immediately after the voltage is turned off, the 
liquid crystal driven by the present invention is not fully 
stabilized yet. Accord^gly, with the driving mett^ of 
the first emtKxJiment, the liquid crystal state for the m-th 
line, immediately before the application of the select sig- 
nal, is closer lo the perfect focaJ conic stale than that for 
the first line. 

[01 1 0] In the eighth ennbodiment. the provision of the 
quiescent period 17 allows the liquid crystal to be 
brought close to the perfect focal conic state liy the time 
the select pulse signal is applied, even for the first line 
where the select pulse signal is applied for the first lime 
after the application of the reset pulse signal. As a 
resuh. the liquid crystal stabilizes in the focal conic slate 
for every line by the time the select pulse signal is 
applied, so that the same display state can be selected 
by the application of the same select signaL The density 
unevenness can thus be reduced. 



[01 1 1] In each of the first to severrth embodiments, the 
qtiescent period 17 may t>e provided between the reset 
period and the scanning period, as in the eighth embod- 
iment described here. 

s 

Ninth embo diment 

[0112J In the driving method of the fourth embodi- 
ment, after writing is done lo the liquid crystal forming 

10 each pixel on the scanning electrode for the first line, the 
same liquid crystal is subjected to the cross talk voltage 
Vd through its associated signal electrode until after the 
last line is written On the other hand, the fiquid crystal 
forming each pixel on the scanning electrode for the last 

16 line enters into the display period imn^edialely aftw Ihe 
writing, and its display state is retained. As a result, den- 
sity unevenness may occur in the display state from one 
scanning electrode lo another because of the differ- 
ences in the application time of the cross laH^ voHage 

20 Vct- 

[01 1 3] In the ninth embodiment, lo eliminate the den- 
sity unevenness, a cross talk conection voltage whose 
absolute value is equal to that of the cross talk voltage 
Vet is applied from each scanning electrode after the 

25 last line is wrrilten. The voflage waveforms applied to the 
respective scanning electrodes are shown in Figure 34. 
Waveform (a) is the voltage waveform appWed to the liq- 
uid crystal fom™ng the pixels on the scanning electrode 
tor the first line, waveform (b) is the voltage waveform 

30 applied to the liquid crystal forming the pixels on the 
scanning electrode for the second line, waveform (c) is 
the voltage waveform applied to the liquid crystal form- 
ing the pixels on the 6cannflr>g electrode for the third line, 
and waveform (d) is the voltage waveform applied to the 

35 liquid crystal forming tie pixels on the scannirig elec- 
trode for the m-th tine In Figure 34. the reset signal has 
a voltage VF and a pulse width t1 . and the select signal 
Y\Bs a pulse width t2 and consists of voltage Vp and voH- 
age Vf the ratio of whose application periods varies. The 

40 cross talk voltage Vet is Vet » (Vp - Vt)/2 ; voltages of 
bcAU positive and negative polarities are applied con- 
stantly throughoul the scanning period. No cross talk 
correction voltage is applied to the first line from its 
ecarming electrode, txit aoss talk voltages tiaving pulse 

45 vwdths of 12. 212. and (m-1)t2, respectively are applied 
to the second line, the third line, and the m-th line, 
respectively. 

[0114] By applying the voltage wavefomis as shown in 
the ninth embodiment, the time during which the cross 

60 talk voRage Vd is applied after the application of the 
select signal becomes equal tor the liquid crystal form- 
ing every pixel on every scanning line, v^ich serves to 
suppress the density urieverwiess described above. 
[011 5] The ninth ennbodiment has dealt with an exam- 

55 pie in which a DC voltage is used as the cross talk cor- 
rection vckltage applied from each scanning electrode 
after the completion of the scanning period, txjt instead, 
an AC voltage may be used here. An example where an 
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AC vortago with a cycle ot t2/2 te applied is shown in Fig- 
ure 35, 

iQth entwdiment 

s 

[0116] Since the liqiid aystal device driven by the 
10th embcxJimenl has a memory characteristic, partial 
updatrig can be performed to update only a portion 
where a change has occurred. Figure 36 shows the 
drive circuits necessary for performing the partial updat- io 
ing. 

10117] Rrst» the current image data is etored in an 
image memory 1. New display image data is stored in 
an image memory 2. Data corresponding to one scan- 
r^ing electrode is read out of the image memory 1 and 76 
stored in a line memory 1 . Likewise, data is read out of 
the image memory 2 and stored in a line memory 2. 
Data stored in the line memories 1 and 2 are compared 
in a comparing means, a comparator 301 in the illus- 
trated example, and if they do not match , the associated ^ 
line number is stored in an address storing means 302. 
In this way, only portions that have changed from the 
current image are extracted on a scanning electrode by 
scannir>g electrode basis, arvl these portions are 
updated. 25 
10118] By referring to the address stored in the 
address storing means 302, a scan signal corrtroller 303 
and a data signal controller 304 supply control signals to 
a scan signal driving section 305 and a data signal driv- 
ing section 306 so that oriy the liquid crystal on the oor- 30 
rounding scanning electrode will t>e updated. In 
response to that, the scan signal driving section 305 
and the data signal driving section 306 perlorm driving 
with a reset period, scanning period, and display period 
only on the liquid aystal designated for updating. .'?5 
According to this driving method, since only the portions 
that need updating can be ufxiated. the screen can be 
displayed faster than the case where the whole screen 
is updated. 

[0119] The configuration of the 10th embodiment can 40 
also be applied to each of the foregoing emtxxJiments. 

Other embo diments 

[0120] It will be appredated that the driving method of *s 
the liquid crystal cSsplay device according to the present 
invention is not linrvted to that descrit>ed in the illustrated 
erTt>odiments, but various rrxxiificatiorts can t>6 made 
within the scope of the invention without departir^ the 
spirit thereof. co 
[0121] In particular, a test cell selectively reflecting 
green color has t>6en used in each of the examples, but 
the test cell is not restricted to the illustrated one; rather, 
test cells providing other selective reflection wave- 
lengths. Such as red and blue, can t>e used, in which gs 
case also, similar effects can be obtained. 



Cbaims 

1. A driving method for a liquid crystal display device 
having a liquid cryslal layer exhtolting a cholestertc 
phase and swttchable between a planar state arxl a 
focal conic state accoreJing to the magnitude of an 
applied voltage, said n>ethod comprising the steps 

of: 

in a first period, simultaneously applying a volt- 
age by which a plurality of pixels arranged in a 
matrix array are reset to the focal conic stale; 
and 

in a secoTKl period after the first period, 
sequentially applyir>g vottages corresponding 
to in^age data to the pixels, thereby updating 
the display contents of the pixels. 

2. A driving method for a liquid crystal display device 
according to claim 1 , wherein said liquid cryslal dis* 
play device has a memory characteristic such that 
when no voltage is applied, the liquid aystal display 
is stable in a display state, said method comprising 
the step of: 

in a third period after the second period, retain- 
ing the display state by utilizing the memory 
characteristic of the liquid crystal. 

3. A driving method for a liquid crystal display device 
according to daim 1. wherein the matrix of pixels 
are formed by an array of scanning electrodes 
driven by a scan driving section and an array of sig- 
nal electrodes driven by a signal driving section, the 
method further corrprising the steps of: 

in the second period, selecting a given scan* 
ning electrode as a scan select electrode and 
the other scanning electrodes as scan deselect 
electrodes, and applying a scan select signal to 
the scan select electrode while, at the same 
time, applying a scan deselect signal to tt)e 
scan deselect electrodes; and 
applying data signals to the signal electrodes in 
syndvonism ¥rith the scan select signal. 

4. A driving method for a liquid crystal display device 
according to daim 3, further comprising the st^>s 
of: 

fornrting a select signal from a difference 
between the scan seled signal and each data 
signal, which Is applied to the liquid aystal 
forming each pixel on the scan select electrode 
to select its display state; and 
forming a deselect signal from a difference 
beNveen the scan deselect agnal and each 
data signal, v^rhich is applied to the liquid crystal 
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forming each pixel on each ecan deselect elec- 
trode. 

5. A driving niethod for a liquid crystal display device 
according to claim 1. wherein in said first period. 6 
saaJ method further comprising the step of: 

applying a first voltage that is equal to or larger 
than a thveshold voltage for setting the liquid 
crystal eichibiting the cholesleric phase into a io 
homeotropic state before the liquid crystal is 
reset to the focal conic state. 

6. A driving method for a liquid crystal display device 
according to daim 5. further comprising Ihc step of: i6 

applying a second voltage after the first voltage 
to cause the liquid crystal in the homeotropic 
state to change to the planar slate. 

20 

7. A driving method fc>r a liquid crystal display device 
according to claim 3, further comprising the step of: 

varying the pulse width of each data signal, 
thereby varying the ratio of the application 2s 
period of a voltage Vp, which is necessary to 
select the planar state, to the application period 
of a voltage Vf. wNch is necessary to select the 
focal conic state, in a select period during 
which the scan select signal is applied. 30 

B. A driving method for a liquid crystal display device 
acoordir»g to daim 7, wherein in the second period, 
the method further comprising the step of : 

35 

apii^ying a voltage whose absolute value is 
(Vp-VO/2 to the liquid crystal during a deselect 
period during which the scan deselect signal is 
applied. 

40 

9. A driving method for a liquid crystal display device 
according to daim 3, wherein in the second period, 
the method further comprising the step of: 

providing a quiescent period during which no 4s 
voltage is applied to the liquid crystal between 
each of the data signals being applied succes- 
sively. 

10. A driving method for a liquid crystal display device so 
according to daim 4, comprising data converting 
means for convening image data for each scanning 
electrode, wherein in the second period, the 
method further comprising the step of: 

55 

varying the voltage of the select signal or the 
ratio of the application period of a voltage Vp, 
which is necessary to select the planar state, to 



the application period of a voltage Vf, which Is 
necessary to select the focal conic state, for 
each scanning electrode by the image data 
conversion through the data convening means 
even when selecting frie same display state. 

11. A driving method for a liquid aystal display device 
accordif^ to claim 7. wherein in the second period, 
the method further comprising the step of: 

varying the pulse widtfi of the select period for 
each scanning electrode. 

12. A driving method far a fiquid aystal display device 
according to daim 1 , further conprisr^g the st^ of: 

providing an additional period in which no volt- 
age is applied to the liqtid crystal between the 
first period and the second period. 

la. A driving method for a liquid crystal display device 
according to daim 8, further conrprising the step of: 

providing an additional period during which 
voltages are not applied to all the signal elec- 
trodes but a voltage of a waveform different for 
each scanning electrode is applied twtween 
the second period and the third period. 

14. A driving method for a liquid aystal display device 
according to daim 3, further comprising the steps 
of: 

provkling first and second image memories for 
storir^g all of current display data and all of new 
display data, respectively; 
providing first and second line nnemorles for 
sequentially readir>g data per scanrvng elec- 
trode from the first and second image memo* 
ries. arxi for storing the readout data; 
connparing new dsplay data with the con^e- 
sponding current data on a scanning electrode 
by scanning electrode t>asis; 
storing an address of a scanning electrode 
where the data compared In the conparing 
means do not match; ar>d 
driving only the liquid aystal display device at 
the address stored in the address storing step. 

1& A driving method for a liquid crystal display device 
having a matrix of pixels formed by an array of 
scanning electrodes driven by a scan driving sec- 
tion and an array of signal electrodes driven by a 
signal driving sedion, with a KqukJ crystal exhibiting 
a ctx>lesteric phase being placed in operative asso* 
datton with the scanning electrodes and the signal 
oJedrodes. said liquid crystal display device having 
a memory characteristic such that when no voltage 
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is applied, the liquid crystal display devioe is stable 
in one of the dieptay states consisting of a planar 
state, a focal conic state, and an intarmediate stale 
therebetween, wherein the liquid crystal display 
device is driven tiy applying voltages to the scan- s 
ning electrodes and the signal electrodes from the 
scan drMng section and the signal driving section, 
respecth/ety, and fc^ applying resulting difference 
voltages to the tiquid crystal, said nnethod conrpris- 
ing the steps of: 

in a first period, simultaneously applying a scan 
reset signal to all the scanning electrodes and 
a data reset signal to all the signal electrodes, 
thereby applying a reset signal, formed from a is 
difference between the scan reset signal and 
the data reset signal, to the liquid aysta) in 
every pixel and thus resetting all the pixels to 
the tocal conic state; 

in a second period after the first period, select- 20 
ing a given scanning electrode as a scan select 
electrode and the other scanning electrodes as 
scan deselect electrodes, and applying a scan 
select signal to the scan select electrode while, 
at the same time, applying a scan deselect sig- 2s 
nal to the scan deselect electrodes, and apply- 
ing data signals to the signal electrodes In 
synchronism with the scan select signal, 
thereby performing an update operation 
wherein a select signal, formed from a differ- so 
ence between the scan select signal and each 
data signal, is applied to the liquid crystal form- 
ing each pixel on the scan select electrode to 
select its display state, and a deselect signal, 
formed from a difference between the scan 3s 
deselect signal and each data signal, is applied 
to the liquid crystal forming each pixel on each 
scan deselect electrode, said update operation 
being repeated t>y selecting the scanning elec- 
trodes one after arKTther as the scan select ^ 
electrode, thereby updating the display state of 
the liquid crystal forming all the pixels ; and 
in a third period after the second period, apply- 
ing a display retaining signal to all the scanning 
electrodes and signal electrodes so that the 45 
display state is retained by utilizing the memory 
characteristic of the tiquid crystal. 

A driving apparatus for a tiquid crystal display 
device fiaving a liquid crystal layer exhibiting a chol- go 
esteric phase and switchabie between a planar 
state arxJ a focal conic state according to the ntag- 
nitude ctf an applied voltage, said apparatus com- 
prising: 

55 

a r>lurality of scanning electrodes; 

a plurality of sigr^t electrodes; 

drive circuitry for driving said scanning and sig- 



nal electrodes, including a scan driving section 
for driving said scanning electrodes, and a sig- 
nal driving section tor driving said signal elec- 
trodes: 

wherein said drive circuitry is configured to, in a 
first period, simultaneously apply a voltage by 
wNch a plurality of pixels arranged in a matrix 
array are reset to the focal conic state: and 
in a second period after the frrst period, 
sequentially apply voltages corresponding to 
image data to the pixels, thereby updating the 
display contents of the pixels. 

17. A driving apparatus for a liquid crystal cfisplay 
device according to claim 16, wherein said liquid 
crystal display device has a memory characteristic 
such that when no voltage is applied, the liquid 
crystal display is stable in a display state, wherein 
said display circuitry is configured to, in a third 
period after the second period, retain the display 
state t>y utilizing the memory characteristic of the 
liquid crystal. 

18. A driving apparatus for a liquid crystal display 
device according to daim 16, wherein said drive cir- 
cuitry is configured to perform the steps as claimed 
in any of daims 3 to 13. 

19. A driving apparatus for a liquid crystal cfisplay 
device according to claim 18. further comprising: 

first and second image memories for storing all 
of cun-ent display data and all of new display 
data, respectively; 

a device for sequentially reading data per ccari- 
ning electrode from the first and second image 
memories, and lor storing the readout data; 
a comparing device for conparing new display 
data with the corresponding current data on a 
scanning electrode by scanning electrode 
basis; 

a storage device for storing an address of a 
scanning electrode where the data compared 
in the comparii^ deynce do not match; and 
wherein the drivirvg circuitry is configured to 
drive only the liquid crystal display device at the 
address stored in the address storage device. 

20. A driving method for a liquid crystal display device 
having plural liquid crystal layers, each exhbiting a 
cholesteric phase and each switctnaWe between a 
planar state and a focal conic state according to the 
magnitude of an applied voltage, said method com- 
prising the steps of: 

specifying a desired color; 

selecting voltages to apply to said liquid crystal 

display layers based on said desired color. 
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wherein the voltages are selected from: 



(a) a highest voltage oorresponding to a 
planar alignment state; 

(b) a lowest voltage corresponding to a 5 
focal conic alignment state; and 

(c) an irttermediate voltage whtch is 
selected between the highest voltage and 

the kMrest voltage; and w 
applying said selected voltages to respective 
layers. 

. An apparatus for driving a liquid crystal display 
device having plural liquid crystal layers, each is 
exNbiting a chotesteric phase and each switchable 
between a planar state and a local conic state 
according to the n^nitude of an applied voltage, 
said apparatus conprtsing: 

20 

a drive circuit configured to select voltages to 
apply to said liquid crystal display layers based 
on a desired color, wherein the voltages are 
selected from: 

2S 

(a) a highest voltage correspondir>g to a 
planar aligrvnent state; 

(b) a lowest voltage correcporxjing to a 
focal conic alignment state; and 

(c) an intermediate voltage which is 3o 
selected behveen the highest voltage and 
the lowest voltage: and 



w/herein said drive circuii is also configured to ss 
apply said selected voltages to respective lay- 
ers. 
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